The heat shock response is characterized by a rapid increase in heat shock proteins (HSPs) [1] . HSPs are encoded by multigene families and are conserved proteins that function as molecular chaperones, helping newly synthesized proteins to fold properly in normal cellular processes, and preventing unfolded proteins from undergoing nonproductive aggregation under stress conditions [1, 2] . HSPs are subdivided into five major families, according to their molecular mass: HSP100; HSP90; HSP70; HSP60; and the small HSP (sHSP) family [3] . HSP70 is a major, wellcharacterized family.
Plant HSP70s are subdivided into four major subgroups according the different subcellular locations. The Cterminus of each subgroup is unique and highly conserved. The motifs for the cytosolic group, endoplasmic reticulum group, plastid group and mitochondria group are EEVD, HDEL, PEGDVIDADFTDSK and PEAEYEEAKK respectively [4] . The motif HDEL functions as a luminal retention signal, and quite possibly other motifs act as organellespecific co-chaperone interaction determinants [5] .
Most HSP70s are expressed under environmental stress. However, some HSP70s are also expressed under normal conditions, known as 70 kDa heat-shock cognates (HSC70s), and are often involved in assisting the folding of de novo synthesized polypeptides and the import/ translocation of precursor proteins [5−7] . There are limited functional studies of plant cytosolic HSP70s, especially the cytosolic HSC70s. AtHSC70-1 in Arabidopsis thaliana was highly expressed at normal temperature in root, stem, and flower [8] ; when AtHSC70-1 was overexpressed, the plant size and root system of Arabidopsis were affected and the plant developed higher thermotolerance. When the expression of AtHSC70-1 was reduced, the transgenic lines were lethal. These data suggested that altering expression of AtHSC70-1 brought negative consequences to plant growth and development [9] . Comprehensive expression profile analysis of the Arabidopsis HSP70 gene family revealed that the expressions of most cytosolic HSP70s, including HSC70s, were induced by heat shock and low temperature, and also affected by development, including seed maturation and root growth [10] . In addition, AtHSC70-1, AtHSC70-2, AtHSC70-3, and AtHSP70 were induced by turnip mosaic virus (genus Potyvirus) or turnip crinkle virus (genus Carmovirus) in the systemicallyinfected Arabidopsis tissues [11] .
Some HSP70s have been identified in the symbiosome membrane by 2-D electrophoresis and/or microcapillary high-performance liquid chromatography tandem mass spectrometry [12−14] , and some HSP70s have also been identified in root infected with Sinorhizobium meliloti [15] . However, those HSP70s were identified by large-scale protein profile analyses and N-terminal short amino acids sequencing, so the full-length cDNAs have not been cloned and the functions not studied.
Here, we report that an HSP70 gene in Medicago sativa, MsHSP70-1, has been cloned. Its expression was highly induced in nodules elicited by wild-type S. meliloti, but not in nodules elicited by bacA gene mutant, therefore it is presumed to be specially induced at the stage of nodule development when bacteroids begin to be differentiated.
Materials and Methods

Plant materials
Plant growth conditions and collection of materials were described previously [16] . Bacterial culture conditions were as described previously [17] . Briefly, seeds of alfalfa (Medicago sativa L. cv. Algonquin) and barrel medic (Medicago truncatula cv. Jemalong A17) were sterilized in 1% sodium hypochlorite, rinsed and germinated on 1% agar, then inoculated with S. meliloti wild-type strain Rm1021. The seedlings grew in a nitrogen-free medium under controlled environmental conditions (16 h day/8 h night cycle, 24 ºC/20 ºC day/night temperature, and 70% relative humidity). [20] were also collected. The alfalfa flower was mature tissue. All plant tissues were quickfrozen in liquid nitrogen then stored at −70 ºC.
Preparation of genomic DNA and cDNA
Total RNA was extracted from various tissues using the TRIzol reagent according to the manufacturer's instructions (Invitrogen, Carlsbad, USA) and treated with RNase-free DNase I (TaKaRa, Shiga, Japan). The quality and concentration of purified total RNA were determined by formaldehyde gel electrophoresis and ultraviolet spectrophotometer. The first-strand cDNA was prepared from total RNA using oligo(dT)18 and SuperScript III Reverse Transcriptase (Invitrogen) following the manufacturer's protocol. Genomic DNA was isolated from leaves according to the CTAB protocol [21] .
cDNA array analysis
Array construction Seventy-one transcript-derived fragments (TDFs) were amplified by polymerase chain reaction (PCR), as described by Xie et al [16] . For each TDF, three samples were repeated and blank and internal controls were used (ribosomal protein gene MsRL5) [22] . The same probes were labeled with Cy5 or Cy3 for repeat hybridization. Each chip was used to carry out a competitive hybridization using two different probes. Total cDNA from Rm1021-infected nodules was used for the common probes. Others included roots of non-infected alfalfa, Rm1021-infected stems and leaves, and Rm1354-infected nodules. Sample labeling Double-stranded cDNA was synthesized from 5 μg total RNA using a cDNA Synthesis Kit (TaKaRa). The followings were included as primers, and were purified using the QIAquick PCR Purification Kit (Qiagen, Shanghai, China): oligo-dT(15)-T7, 5' -AAACGACGGCCAGTGAATTGTAATACGACTCAC-TATAGGCGCTTTTTTTTTTTTTTTTV-3' (V could be G, C, or A). cRNA was synthesized from double-stranded cDNA using the T7 RiboMAX Express Large Scale RNA Production System (Promega, Madison, USA) for in vitro transcription, and was purified using the RNeasy Mini Kit (Qiagen). Reverse transcription was carried out using 2 μg cRNA, 200 U/μl Superscript II Reverse Transcriptase, and random primer. Samples were purified using QIAquick PCR Purification Kit. One microgram of cRNA RT products was Klenow-labeled using 9 Random Primer as the primer; labeled products were purified using the QIAquick PCR Purification Kit and dried in a vacuum. Hybridization and washing Labeled DNA was dissolved in 30 μl hybridization solution (3×SSC 0.2% SDS, 5× Denhardt's solution, and 25% formamide) and was hybridized at 42 ºC overnight. After hybridization, the chip was washed with 0.2% SDS and 2×SSC solution at 42 ºC for 5 min, followed by a wash in 0.2×SSC solution at room temperature for 5 min. The chip was allowed to dry then scanned as described below. Image capture and analysis The chip was scanned by an automated ArrayScan system (Packard Bioscience, Meriden, USA) and the image was analyzed by GenePix Pro 4.0 software (Axon Instruments, Inverurie, UK). The image signals were transformed into a digital signal, and Lowess normalization was applied to chip data. Finally, differentiated gene expression was confirmed based on the criteria of a 2-fold difference from the control. Cluster analysis software Cluster 3.0 (Eisen lab, Berkeley, USA) used hierarchical and average linkage methods.
Cloning and reverse transcription (RT)-PCR analysis
All PCRs were carried out in a reaction volume of 50 μl with 1×buffer (for KOD-Plus; Toyobo, Osaka, Japan), 0.2 mM dNTP, 1 mM MgSO 4 , 0.4 μM primers, and 1.0 U KOD-Plus DNA polymerase (Toyobo). The PCR products were cloned to the pMD18-T vector (TaKaRa), sequenced or analyzed by electrophoresis on 1.0%−2.0% agarose gel, and stained with ethidium bromide. To isolate cDNA of MsHSP70-1, PCR was carried out using 15-d-old alfalfa nodule total cDNA as the template and the primer pair 5'-CCTAGTTTTCGTTCCTCTCTTTTCT-3' (forward) and 5'-CTAGTATATAAACCATCCAGAAACGA-3' (reverse). Amplification was carried out at 94 ºC for 2 min, followed by 35 cycles of 94 ºC for 30 s, 56 ºC for 30 s, and 68 ºC for 2 min 30 s.
RT-PCR analysis of MsHSP70-1 in various alfalfa tissues was carried out using gene-specific primers 5'-GATCTGTTC-AGGAAGTGTATGGAGC-3' (F1; forward) and 5'-GGTTCT-GGTTCTCTCACCTTCATAG-3' (R1; reverse). Amplification was carried out at 94 ºC for 2 min, followed by 25 cycles of 94 ºC for 30 s, 58 ºC for 30 s, and 68 ºC for 30 s.
RT-PCR analysis of MsHSP70-1 in the course of alfalfa nodule development was carried out using the primers F1 and R1. Amplification with 30 cycles was carried out at the conditions described above; Msc27 [23] was used as an internal control for RT-PCR with the forward primer 5'-GGAATGTTGTGGGAGGTTGA-3' and reverse primer 5'-AAAGAATTGAAGGTCCTTGAGC-3'. Reaction conditions were 94 ºC for 2 min followed by 30 cycles of 94 ºC for 30 s, 58 ºC for 30 s, and 68 ºC for 30 s.
Southern blot analysis
Genomic DNA (5 μg) was digested with EcoRI or HindIII (New England Biolabs, Ipswich, USA) at 37 ºC overnight. The digested DNA was subjected to electrophoresis on a 0.8% agarose gel, then blotted onto a HybondN+ nylon membrane (Amersham, Piscataway, USA) and hybridized with 32 P-labeled fragment at 68 ºC/65 ºC. This membrane was washed at 68 ºC/65 ºC for 20 min with buffer containing 0.5×SSC and 0.1% SDS, then exposed to X-ray film at −70 ºC. The probe fragment was generated by PCR using TDF RX89 as a template and primers F1 and R1.
Northern hybridization
Total RNA (20 μg) was electrophoresed on 1.5% agarose denaturing gels and transferred to a HybondN+ membrane (Amersham). The membrane was hybridized with 32 PdCTP-labeled transcribed fragment RX89 as probe according to standard protocols [24] . Gene expression levels were analyzed using the constitutively expressed gene MsRL5 as an internal control [21] .
Results
Enhanced expression of RX89 in nodule detected by cDNA array analysis In our previous work, we identified 71 TDFs by comparing the cDNA-amplified fragment length polymorphism patterns of infected nodules and uninfected roots [16] . To further investigate the expression of the genes corresponding to these TDFs in various alfalfa tissues and different nodule types, cDNA array analysis was carried out. Within 71 TDFs, 15 TDFs were detected with a significant expression signal (Fig. 1) . These TDFs corresponded basically to fragments with the strongest signal in reverse Northern hybridization [16] . It indicated that the majority of the 71 TDFs were expressed at a low level. Cluster analysis revealed that those fragments, including TDF RX73, RX17, RX25, RX88, RX89, RX87, and RX100, showed enhanced expression in 15-d-old wild-type nodule compared with other tissues (Fig. 1) . In particular, RX89 was expressed at a much higher level in nodule with at least 7-fold increase in expression compared to other tissues. Sequence analysis indicated that the RX89 corresponding gene-encoded protein shared high homology with HSP70. These data suggested that the gene corresponding to RX89 might play an important role in alfalfa nodule development.
Cloning and sequence analysis of MsHSP70-1 gene
To clone the RX89 corresponding full-length cDNA, RT-PCR was carried out with the 15-d-old nodule total cDNA as template and the primers designed based on the expressed sequence tags and tentative consensus (TC) sequences database of M. truncatula (http://compbio.dfci. harvard.edu/tgi/cgi-bin/tgi/gimain.pl?gudb=medicago). As  Fig. 2 shown, a 2302 bp cDNA fragment for RX89 was isolated. This fragment contains a 1947 bp open reading frame encoding a protein of 649 amino acids with a predicted molecular mass of 70.99 kDa and an isoelectric point of 5.08. The deduced amino acids sequence shares 91% identity with Arabidopsis AtHSC70-1 (GenBank accession No. CAA52684), and in the C-terminal region the deduced protein sequence contains a motif, EEVD, that is unique to the cytosolic group [5] . Thus, we named the cDNA fragment for RX89 as MsHSP70-1 (GenBank accession No. AY830127).
Amino acid sequence alignment of MsHSP70-1, TC100389, TC100383, and TC100385 of M. truncatula and AtHSC70-1 revealed the conserved ATPase domain, peptide binding domain, interdomain hinge, organelle transit peptide, and C-terminal subdomain [ Fig. 3(A,B) ]. MsHSP70-1 has: 99% homology with TC100389 with only one amino acid variation, as shown by the arrow in Fig. 3  (B) ; 92% homology with TC100383; 91% homology with TC100385; and 91% homology with AtHSC70-1.
MsHSP70-1 is present as alleles of a single locus in alfalfa
Sequence analysis of MsHSP70-1 and RX89 showed that their deduced amino acids were identical, but there were minor differences in nucleotide sequences (Fig. 4) . Thus, MsHSP70-1 and RX89 might be alleles.
To determine MsHSP70-1 distribution in genomes, Southern blot analysis of genomic DNAs from M. sativa and M. truncatula leaves was carried out (Fig. 5) . When hybridization with an EcoRI fragment and washing membrane was carried out at 68 ºC, the alfalfa had only one band and M. truncatula had one or two bands. However, there were multiple bands in both species when hybridization and membrane washing was carried out at 65 ºC. Taken together, the data indicate that MsHSP70-1 is present as alleles of a single locus in the autotetraploid alfalfa and/or single copy in M. truncatula and has multiple homologs in both species. 
Expression of MsHSP70-1 enhanced in nodule
To determine the expression of MsHSP70-1 in various alfalfa tissues and confirm the results of cDNA array, RT-PCR analysis was carried out with primers F1 and R1. After 25 cycles, expression of MsHSP70-1 was detected at a low level in root, stem, and leaf, at a higher level in flower, and at the highest level in nodule [ Fig. 6(A) ]. The data confirm the results of cDNA array and also suggest that MsHSP70-1 also has a high level of expression in flower. RT-PCR analysis of MsHSP70-1 in the course of nodule development showed that MsHSP70-1 expresses in all stages of nodules, but especially during the early stages [ Fig. 6(B (Fig. 7) . Expression of MsHSP70-1 was significantly induced in nodules elicited by Rm1021, nifA, and pho-l mutant strains, but was barely induced in uninfected roots and nodules elicited by bacA − strain. This indicates that the expression of MsHSP70-1 in nodule requires the active bacA gene of rhizobia, and suggests that MsHSP70-1 might be induced at the stage when bacteroids start to differentiate. Thus, we conclude that MsHSP70-1 might play an important role in alfalfa nodule development. Expression of MsHSP70-1 in nodule requires bacA gene of rhizobia As described above, MsHSP70-1 was expressed at a much higher level in nodule compared to other alfalfa tissues. To determine whether the expression of MsHSP70-1 in nodule is related to symbiotic nitrogen fixation, Northern hy- 
Discussion
Plant cytosolic HSP70s share no less than 75% homology with other plant HSP70 protein sequences [5] . However, MsHSP70-1 shares 91% homology with AtHSC70-1, and they belong to the cytosolic HSP70s with the EEVD in Cterminal (Fig. 3) . The expression of MsHSP70-1 in various alfalfa tissues in normal growth conditions also indicated that MsHSP70-1 is a plant HSC70 (Figs. 1 and 6) . The high homology, common motif, and expressions in normal conditions between MsHSP70-1 and AtHSC70-1 suggest that they have similar functions in plant growth and development. In fact, the expression of AtHSC70-1 also induced by virus [11] and the expression of MsHSP70-1 in nodule induced by rhizobia also showed that they have similar functions in response to biotic stress.
Previous studies have revealed that some HSP70s, including TC100383 and TC100385, are important parts of the symbiosome membrane in nodule [12−14]. MsHSP70-1 shares 91%-92% homology with them. It is suggested that MsHSP70-1 might be one of the important parts of the symbiosome membrane in nodule. In addition, MsHSP70-1 shares 99% homology with TC100389, and they have only one amino acid difference in the ATPase domain [ Fig. 3(B) 
